Abstract The volatile compounds and protein profiles of Lighvan cheese, (raw traditional sheep cheese) were investigated over a 90-days ripening period. Solid-phase microextraction-gas chromatography-mass spectrometry [SPME-GC-MS] and sodium dodecyl sulfate polyacrylamide gel electrophoresis [SDS-PAGE] were used to identify volatile compounds and assess proteolysis assessment, respectively. Ripening breakdown products viz., acids (butanoic acid, 3 methyl butanoic acid, hexanoic acid, octanoic acid, decanoic acid,…) comprised of the highest number of detected individual compounds (10) followed by esters (9), alcohols (7), cyclic aromatic compounds (6), ketones (5) and aldehydes (4). Carboxylic acids were the dominant identified group; their levels increased during ripening and involved 48.22 % of the total volatile compounds at the end (90 days) of ripening. Esters, ketones, cyclic aromatic compounds and aldehydes also increased, whereas the alcohol content slightly decreased towards the end of the ripening. Degradation of β-and αS-casein was higher during the initial stage of ripening (1st month) of ripening than at later stages, which could be related to the inhibitory effect of salt on some bacteria and proteolytic enzymes.
Introduction
Lighvan cheese is a traditional, semi-hard, starter-free cheese from the Azerbaijan region, in the northwest of Iran, and made from raw Moghani sheep's milk. It is one of the most popular Iranian traditional cheeses, and its unique flavour is appreciated by consumers. Ripening of Lighvan cheese plays an important role in its characteristics.
Cheese flavour, a much sought after characteristic for the consumer, is determined by the equilibrium between numerous volatile and non-volatile components released during ripening (Fox and Wallace 1997) . Flavour formation during cheese aging results from several biochemical pathways such as glycolysis, proteolysis of casein and lipolysis. Fatderived compounds, such as free fatty acids, esters, lactones and ketones, are formed by lipolysis and lipid oxidation (Siek et al. 1971) . Finally, free amino acids produced by proteolysis contribute to the taste of ripened cheese or can be converted into cheese flavour compounds.
Gas chromatography [GC] coupled to mass spectrometry [MS] is commonly used to analyze volatile compounds. Extraction and pre-concentration of the volatile fraction is a necessary step prior to GC-MS; for this purpose, solidphase microextraction [SPME] is recommended. SPME is usually used for the extraction of volatile compounds from cheese (Delgado et al. 2010) . The volatile profiles of some types of cheeses i.e. for Torta del Casar (Delgado et al. 2010 ), Idizabel (Barron et al. 2007 ) and Roncal (Izco and Torre 2000) cheeses have been previously studied.
Proteolysis is the major and the most complex biochemical pathway that occurs during the ripening of most types of cheeses. Electrophoretic methods such as SDS-PAGE are extensively used to assess primary proteolysis in cheeses. The difference in protein profiles produced during cheese ripening has been previously studied in some types of cheeses such as Cheddar cheese and Grana Padano cheese (Gaiaschi et al. 2001) .
In spite of the popularity of Lighvan cheese and its ever-growing consumption, there are only a few studies on its chemical composition and microbial profile (Abdi et al. 2006; Kafili et al. 2009; Aminifar et al. 2010) . However, there are no studies on the biochemical changes and flavor formation of Lighvan cheese during ripening. The aim of this study is to investigate changes in volatile compounds and primary proteolysis during Lighvan cheese ripening. Precise recognition of these changes during aging provides crucial data for biochemical events that occur during aging, allowing for future intervention for eventual improvement of the cheese quality and reducing ripening time.
Materials and methods
Cheese making and sampling Lighvan cheeses were prepared from raw Moghani sheep's milk (7.93 % fat, 19.7 % total solids, pH06.58) according to the method of Kafili et al. (2009) . Lamb rennet was added to milk at 28 to 32°C (depending on the season-from March to middle of May) to coagulate it. Then the coagulum was cut into walnut-sized pieces and they were transferred to rectangular cotton bags for whey drainage. After 4 hours, cotton bags were compressed under 4 kg weight for 2-4 h (depending on season) for better drainage of whey. Curd mass was cut into 25× 25×25 cm 3 cubes and the cubes were placed in a 22 % brine stream (8-10°C) for 6 hours. Afterwards, the curd cubes were transferred to a basin. Sodium chloride crystals were strewn on its surface and they were stored for 3-5 days. In this stage, the cubes were turned upside down nine up to fifteen times for further removal of whey. The cubes were kept in 12 % salt brine (10°C) for 3 months at an average temperature of 10±2°C.
Physiochemical properties Physiochemical properties of cheese samples were analyzed at the beginning (day 1) and the end (day 90) of the ripening. The moisture content was measured according to the standard (4A) FIL-IDF (1982) . Kirk and Sawyer's method (1991) was used to determine salt content. The pH of cheese samples was measured using a Knick 766 calimatic pH-meter (Niels, Bohrweg, Utrecht, The Netherlands). Total nitrogen and fat content of cheese samples were determined according to the Kjeldahl method (FIL-IDF 1993) and Gerber method (BSI 1969) , respectively. All physicochemical properties were measured in triplicate, and SAS statistical software (version 8.2, SAS Institute Inc., Cary, NC) was applied for the statistical analysis of the experimental data. Multifactor analysis of variance (ANOVA) with the least significant difference (LSD) test (p<0.05) was used to evaluate the effect of time on the physicochemical characteristics of cheese samples. SPME-GC/MS Seven Lighvan cheese samples were analyzed in triplicate at four different stages of ripening: 1, 30, 60 and 90 days. Extraction of volatile compounds during the ripening period was performed using the static headspace solid-phase microextraction [HS-SPME] method, and the compounds were analyzed by gas chromatography (Frank et al. 2004 ). The extraction of volatile compounds and their determination were performed as per the method of Condurso et al. (2008) with some modification for optimizing the technique. These modifications included changes in equilibrium and extraction temperatures and times which were at 40°C for 20 min and 30 min, respectively. DVB/CAR/PDMS [divinylbenzene/carboxen/polydimethylsiloxane] fiber, 50/30 μm film thickness bonded to a flexible fused silica core (Supelco), was selected for all extractions. SPME was carried out with a commercially accessible fiber housed in its manual holder (Supelco, Bellefonte, PA, USA).
Six grams of finely grated cheese was dissolved in 12 mL water in a 40 mL vial and fitted with a self-sealing septum. SPME syringe (bearing a fiber) was introduced and maintained in the headspace. The samples were equilibrated for 10 min at 50°C. Then the fiber coating was exposed to the headspace for 1 h at 60°C. During the extraction period, the sample was stirred with a magnetic stir bar on a stir-plate rotating at 750 rpm. Finally, the fiber was inserted for 5 min into the injection port of the GC (splitless mode) adjusted to 250°C for volatile-compounds desorption. The absorbed volatile compounds were analyzed by an Agilent HP 6890 N gas chromatograph (Agilent Technologies, Palo Alto, CA) equipped with an Agilent 5973 N massselective detector operating in electron impact mode (ionization voltage, 70 eV). The mass-selective detector was operated in the total ion current [TIC] mode, scanning from 20 to 500m/z. Chromatographic data were recorded with HP Chemstation software using the Wiley 275 mass spectral library. A DB-Wax column capillary column (30 m × 0.25 mm I.D., 0.5 μm film thickness) was used (Supelco). Helium (>99.999 % pure) was used as a carrier gas at a flow rate of 1.2 ml/min. The GC oven temperature program was as follows: initial temperature 45°C for 1 min, then up to 250°C with a heating rate of 5°C/min and then was maintained for 5 min at that temperature. The GC-MS transfer line temperature was at 260°C. n-Alkanes (Sigma R-8769) were examined under identical conditions to determine retention indices [RI] for the volatile compounds. Identification of compounds was performed by three methods: (1) Proteolysis assessment SDS-PAGE was carried out in accordance with the Kuchroo and Fox (1982) method to evaluate proteolysis during ripening after 1, 30, 60 and 90 days.
The Vertical System Hoefer SE 600 SERIES (Pharmacia Biotech, San Francisco, USA), along with 15 % acrylamidebisacrylamide running gel and 5 % acrylamidebisacrylamide stacking gel, were applied.
Extraction of proteins and peptides was performed following the method previously used by Vannini et al. (2008) for proteolysis assessment of Pecorino cheese: 5 g of Lighvan cheese was blended with 20 mL water for 3 min at 20°C
and stored at pH 4.6 (low pH was brought with HCl in water) at 40°C for 1 h. The prepared samples were centrifuged at 3000×g for 20 min at 5°C. The pellets were mixed with 5 mL of 7 M urea and transferred to a freezer (−18°C) until the SDS-PAGE analysis. Before the experiment, 2.5 mL 0.166 M Tris-1 mM ethylene-diamine-tetra-acetic acid [EDTA], pH 8 and 2.5 mL 7 % sodium dodecyl sulphate [SDS] were added to 150 mg of each prepared solution and centrifuged at 5000×g at 4°C for 20 min; then 1 mL of supernatant was heated for 5 min at 95°C and 0.2 mL β-mercaptoethanol was added to it. This was followed by addition of 0.2 mL glycerol and 0.2 mL 0.02 % bromophenol to the prepared sample before injection into the gel. SDS-PAGE Molecular Weight Standards were used as standards (BioRad Laboratories, Munchen, Germany).
Statistical analysis All experiments were carried out in triplicate and the analysis of variance [ANOVA] procedure of the SAS system software, Version 6, (1990, SAS Institute Inc., Cory, NJ, USA) was used to evaluate the differences in the volatile profiles during ripening. Mean values of the volatile compounds for different days of ripening were compared with Duncan's test. Evaluation was based on a significance level of p<0.05. Microsoft Excel 2007 was used for drawing figures.
Results and discussion
Physiochemical properties Physiochemical properties of Lighvan cheese at the beginning and the end of the ripening were shown in Table 1 . pH value decreased from the beginning to the end of the ripening due to the lactose fermentation (Waagner-Nielsen 1993) . Decrease in moisture content and increase in salt content of Lighvan cheese from day 1 to 90 could be related to the movement of water and salt from cheese texture and brine to brine and cheese blocks, respectively (Guinee and Fox 1993) . Significant decrease of total nitrogen/dry matter [TN/DM] from day 1 to 90 is due to the diffusion of soluble nitrogenous compounds to brine which were produced as a result of proteolysis (Abd El-Salam et al. 1993) . Increase in the fat percentage (%) from the beginning to the end of the ripening could be related to the moisture reduction during this period.
Identification of volatile compounds Forty-one major volatile compounds were identified in ripened Lighvan cheese. Table 2 shows the development of Lighvan cheese volatile compounds (area units, AU×10 5 ) during the ripening period (p<0.05). Acids detected were predominant compounds (10) followed by esters (9), alcohols (7), cyclic aromatic compounds (6), ketones (5) and aldehydes (4). There was a considerable increase in total area units [AU] during cheese ripening (day 1: 113×10 5 AU, day 30: 254×10 5 AU, day 60: 320×10 5 AU, day 90: 464×10 5 AU). It is obvious that ripening time had a significant effect on the production of volatile compounds (p<0.05). Trend of changes in volatile compounds during aging was not identical for different chemical groups as shown in Table 3 .
Total carboxylic acid content increased significantly during cheese ripening. Their quantity was more considerable (40.66 to 55.38 % of total compounds) than other identified chemical groups (Table 2) . Ester level had considerably increased during ripening from day 1 (3.44×10 5 AU) to 90 day (75.29×10 5 AU). Their quantity in the headspace Identification method: 10Retention time and mass spectrum same with a reference compound; 2: retention index and mass spectrum are identical with a literature; 3, tentative identification by mass spectrum of ripened Lighvan cheese was also significant. Likewise, ketones changed similarly from day 1 (1.99×10 5 AU) to 90 day (53.32×10 5 AU) in Lighvan cheese, responsible for its aroma (Table 3) .
The pattern of changes in various alcohols was different during ripening. Ethanol, 1-propanol, 1-butanol and 1-pentanol increased during Lighvan cheese ripening, but 1-hexanol, 1-tetradecanol and 3-methyl-1-butanol decreased with progress of ripening. Most aromatic compounds increased during Lighvan cheese ripening. Thus, the levels of limonene, benzaldehyde, 4-isopropyl benzaldehyde, 2-phenylethanol and phenol at day 90 were significantly higher than at the start of ripening. Level of 1, 3-di methyl benzene was the highest at 30th days of ripening, which decreased on further ripening. Aldehydes levels were in low concentrations in ripe Lighvan cheese compared to other volatile compounds. Their level, in general, increased from day 1 to 90th (Table 3) . Acetaldehyde increased from day 1 till the end of the ripening. Tetradecanal was only identified after 60 days of ripening and reached its highest level at 90th day. The level of 2, 4-hexadienal did not change whereas 3-methylbutanal decreased during Lighvan cheese aging (Table 2) . Table 2 shows that short and mediumchain carboxylic acids play an important role in Lighvan cheese aroma. They not only are typical odorant compounds with low thresholds but can convert other aromatic compounds such as alcohols, methyl ketones, lactones, aldehydes and esters (Collins et al. 2003) . Butanoic, hexanoic and octanoic acids are the most abundant volatile acids in a wide variety of cheeses (Barbieri et al. 1994) .
Carboxylic acids
Lipolysis, proteolysis and lactose fermentation are three main pathways in carboxylic acids formation (Curioni and Bosset 2002) . During cheese ripening, depending on processing, micro flora and ripening conditions, one of these pathways will be dominant. Figure 1 shows the development of carboxylic acids according to their source. On day 1, lipolysis was the main source of acids (butanoic, pentanoic, hexanoic, heptanoic, octanoic, decanoic and dodecanoic acids) in Lighvan cheese, whereas those derived from amino acids or microbial origin (as a result from fermentative activity of microorganisms-acetic and propanoic acid-) were negligible. Acids originating from lipolysis showed an increasing trend in the first month of ripening; thereafter it remained constant till 60th day and then again increased. The amino acid-derived 3-methyl butanoic acid was insignificant in first month of ripening, and then increased until day 90. The amount of acids resulting from microbial activity was negligible in the first month, and then tended to increase until 90th day. Previously Delgado et al. (2010) showed that while carboxylic acids originating through lipolysis were dominant on day 1, microbial originated acids were dominant after ripening (90th day). Formation of linear chain carboxylic acids (butanoic, pentanoic, hexanoic, heptanoic, octanoic, decanoic and dodecanoic acids) could be related to lipases and esterases activity during maturation (Barbieri et al. 1994) . Because Lighvan cheese is made from raw milk and starter is not used in its production, indigenous milk lipases and lipases from natural microbial flora are responsible for lipolysis. High amounts of these acids contributed to vinegar odour and slight acid taste of cheese.
Because carboxylic acids can get transformed into other compounds such as methyl ketones, lactones, alcohols, aldehydes and esters (Collins et al. 2003) , the constancy in lipolysis-derived acids between day 30 and day 60 could be related to the equilibrium between the production of carboxylic acids by lipolytic enzymes and their conversion to other compounds. Branchedchain, 3-methyl butanoic acid increase could be related to deamination of leucine during proteolysis (Barbieri et al. 1994) . Fermentative activity of microorganisms is responsible for increased production of acetic and propanoic acids (Di Cagno et al. 2003) . This may be due to the increase in lactobacilli population during ripening of Lighvan cheese (Kafili et al. 2009 ).
Esters Nine esters were identified in Lighvan cheese, particularly those produced by butanoic acid and decanoic acid with ethanol. Presence of ethyl esters of even-numbered fatty acids is reported in different kinds of cheeses. Esters such as butanoic acid ethyl ester and hexanoic acid ethyl ester are important odorants in Cheddar, Emmental, and Torta del Casar cheeses (Curioni and Bosset 2002; Delgado et al. 2010) . The aroma of Lighvan cheese is affected by Ester formation during cheese ripening is probably related to the esterase activity of lactic acid bacteria. Production of esters via alcoholysis in aqueous systems occurs as a result of lactic acid bacteria esterase activity (Liu et al. 2003) . It has been demonstrated that esterase activity of Lactobacillus helveticus, Lactobacillus casei and Lactococcus lactis is responsible for the accumulation of esters during ripening of a simulated Parmesan cheese (Fenster et al. 2003) . Levels of esters were insignificant at day 1 and increased until the end of ripening. Such an increase could be associated with an increase in the population of LAB during ripening (Kafili et al. 2009 ).
The increase of some esters, such as decanoic acid ethyl ester, could be related to the reduction in decanoic acid towards the end of ripening. Furthermore, the decrease of 3-methyl 1-butanol towards the end of ripening could be associated with an increase in acetic acid, 3-methylbutyl ester content. The increasing trend in the concentration of acetic acid, 3-methylbutyl ester has been reported for Torta del Casar (raw ewe's milk cheese) (Delgado et al. 2010 ). An increase in the hexanoic acid ethyl ester and butanoic acid ethyl ester during ripening has been reported in few types of ewe's milk cheeses (Barron et al. 2007; Delgado et al. 2010) . Some researchers believe that esters had a positive effect on cheese flavour because the rancid flavour from excessive amounts of carboxylic acids is masked by fruity notes provided by ethyl esters (de Frutos et al. 1991) .
Ketones Ketones are considered an important constituent of the volatile profile of most cheeses (Barbieri et al. 1994 ). Ketones are basically odorant compounds with low perception thresholds. Two-butan-one and 4-octen-3-one were the most abundant ketones in ripened Lighvan cheese. Negligible at day 1, they increased during ripening indicating that they have a considerable role in the aroma of ripened Lighvan cheese. The compound 4-octen-3-one has not been previously isolated in other ewe's milk cheeses. Hence, it could be associated with the Lighvan cheese flavour. The increasing trend of 2-butan-one during ripening has been reported for raw ewe's milk cheeses such as Torta del Casar cheeses (Delgado et al. 2010 ). 2-propan-one, 2-decanone and 3-hydroxy-2-butan-one (acetoin) increased during cheese ripening. At day 1, 2-propan-one was the dominant ketone; and it is probably produced in the sheep's mammary gland and transferred to the milk (Castillo et al. 2007 ) but its further increase during ripening could be associated with butanoic acid derivation. Production of 3-hydroxy-2-butan-one (acetoin) during cheese aging could be related to reduction in diacetyl content (Izco and Torre 2000) , which resulted from lactose and citrate metabolism by lactococci bacteria (Yvon 2006) . Alcohols Seven alcohols were found in ripened Lighvan cheese: ethanol, 1-propanol, 1-butanol, 1-pentanol, 1-hexanol, 1-tetradecanol and 3-methyl-1-butanol. Production of ethanol could be associated with lactose or citrate fermentation (Marilley and Casey 2004) . 1-propanol, 1-butanol, 1-pentanol, 1-hexanol and tetradec a n o l a r e s u p p o s e d t o b e d e r i v e d f r o m t h e corresponding aldehydes that originated from fatty acids and amino acids metabolism (Barbieri et al. 1994) . Finally, production of 3-methyl-1-butanol could be related to the reduction in 3-methyl butanal produced It seems that diversity in the metabolic pathways involved in alcohol formation in cheese is responsible for different patterns of alcohol changes during ripening (Molimard and Spinnler 1996) .
Conclusion
This study was aimed to monitor the proteolysis of Lighvan cheese during ripening and characterize the volatile fraction produced, responsible for the flavor of cheese. The results showed that carboxylic acids, esters, ketones, cyclic aromatic compounds and aldehydes increased during the ripening.
Carboxylic acids were the dominant volatile compounds in ripened Lighvan cheese (48.22 % of total compounds). The carboxylic acids derived from lipolysis had a greater role in flavour production than those that originated from microbial fermentative activity and amino-acid degradation. Degradation of β-and αS-casein during the initial period (i.e. first month) of Lighvan cheese ripening was greater than at other stages of ripening. The inhibitory effect of salt on some bacteria and proteolytic enzymes could be related to decrease in the proteolysis rate after 30 days of ripening.
